Purpose: This study aimed to evaluate Japanese patient preferences regarding features of intermediate or advanced (Progressed) hepatocellular carcinoma (HCC) treatments: transarterial chemoembolization (TACE), hepatic arterial infusion chemotherapy (HAIC), and oral anti-cancer therapy. Methods: Patients with HCC, recruited from clinical sites and a patient panel in Japan, completed a cross-sectional web-based survey. Preferences were quantified using best-worst scaling, where patients identified the best and worst among 13 treatment features. Direct elicitation was used to identify preference for TACE, HAIC, or oral therapy, including the likelihood of trying each. Additional items asked for the willingness to try an oral medication that delays progression by six months but has an 8% or 21% risk of severe hand-foot skin reaction (HFSR). Results: The sample (N=119; 29 early stage; 90 Progressed) most preferred "oral medication", "artery branches plugged", and "prevents formation of new blood vessels", and least preferred "risk of liver damage" and "risk of catheter-related complications". Overall, 51%, 40%, and 8% preferred oral therapy, TACE, and HAIC, respectively (p<0.05), and the mean likelihood of trying each were 59%, 52%, and 35%, respectively (p<0.001). Patients with sorafenib or TACE experience most preferred what they had received; however, both groups were equally willing to try the other treatment. Patients preferring oral therapy favored "oral medication" over "artery branches plugged", "surgery is repeated as required when the cancer grows again", and "risk of liver damage", compared to those preferring TACE (p<0.05). Sixty-eight percent would probably try therapy with an 8% risk of severe HFSR, compared to 50% with a 21% risk. Conclusion: Treatment type, mode of action, and risks may drive HCC patient preferences. Such features likely should be incorporated into physician-patient interactions regarding treatment decision-making.
Introduction
Hepatocellular carcinoma (HCC) is the most common type of cancer originating in the liver. It is the fifth most common cancer in men and the seventh in women, and it represents the third most frequent cause of cancer death, accounting for approximately 500,000 deaths each year worldwide.
1,2 HCC rates are particularly high in eastern/south-eastern Asia and in Africa, intermediate in Southern Europe, and low in most high-income countries. Persistent infections by hepatitis B virus (HBV) or hepatitis C virus (HCV) are the main recognized risk factors for HCC. In high-income countries, heavy alcohol drinking, tobacco smoking, overweight, diabetes, familial/genetic factors, and selected dietary aspects, have a relevant role. 1, 3 Recent statistics have shown that the incidence and mortality in HCC in Japan have been decreasing in recent years; however, the importance of developing more effective treatments remains important. 4, 5 Prognostic modeling of HCC patients considers tumor stage, degree of liver function impairment, patient's general condition, and treatment efficacy. 6 Furthermore, current treatment paradigms for HCC rely on the Barcelona Clinic Liver Cancer algorithm, which classifies HCC into five stages based on extent of disease, Child-Pugh score, and ECOG performance status, enabling prognostication and informing allocation of first-line treatment. 7 Transarterial chemoembolization (TACE), which combines embolization with chemotherapy using tiny beads that emit chemotherapy, or giving chemotherapy through a catheter directly into the artery, is the first-line treatment for unresectable intermediate HCC. TACE may be repeated as clinically necessary over time. For TACE-refractory patients, oral preparations, including sorafenib, or hepatic arterial infusion chemotherapy (HAIC) with a reservoir system, are recommended, the choice of which depends in part upon whether or not there is minor and/or main portal branch invasion. Sorafenib also may be considered when cancer has spread beyond the liver. 8 In addition to the extent of cirrhosis and extrahepatic spread, patient preferences should be considered in treatment decisions in HCC. 9 There is a paucity of data on how patients value the features of different HCC treatment options in Japan. Understanding patient preferences may possess implications not only for treatment decisionmaking, but also for increasing patient satisfaction and adherence with follow-up care. 10, 11 The primary objective of this study was to understand the preferences of Japanese patients with HCC for key features associated with treatments for intermediate or advanced HCC, specifically TACE, sorafenib, and HAIC. The secondary objective was to evaluate trade-offs that HCC patients are willing to make regarding treatment features specific to sorafenib.
Methods
A non-interventional cross-sectional online survey was implemented among patients with HCC in Japan. Although the study focused on treatments provided in the intermediate/ advanced setting, the study also included early-stage patients so that their perspectives could be captured. Patients were recruited through seven cancer centers in Japan and via an online panel to complete the survey. 
Survey content
The survey assessed preferences using best-worst scaling (BWS) case 1, a stated preference method developed to scientifically measure relative preferences for a set of items. 12, 13 The BWS exercise involved prioritizing 13 features representing key differentiating characteristics of TACE, HAIC, and sorafenib, the only oral anti-cancer agent available with evidence of extension of overall survival at the time that this survey was conducted. Based on the literature, we included type of treatment (oral medication, surgery, procedure to implant catheter), mode of action (prevents formation of new blood vessels, liver arteries plugged), selected outcomes/follow-up interventions (clinical trial evidence of increased survival in advanced cancer, surgery is repeated when cancer grows again, follow-up visits to refill chemotherapy, stopping treatment due to side effects), and risks of adverse events (hand-foot skin reaction (HFSR); fever, abdominal pain, and nausea; catheter-related complications; liver damage).
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Each BWS item presented a subset of four selected features, and respondents identified which was most favorable and which was least favorable. An example BWS item is shown in Figure 1 . In preparation for the BWS exercise, respondents familiarized themselves with the different features by rating how much they liked or disliked them on a Likert scale.
In addition, a direct preference elicitation item was used comparing repeated TACE, HAIC, and oral anti-cancer therapy ( Figure 2 ). The direct preference elicitation item Considering only these four things, which one is the most preferable (Best) and which is the least preferred (Worst)? • Hospitalized for about 1 to 2 weeks.
• Risk of fever, abdominal pain and nausea
• It may be necessary to repeat surgery if the cancer starts growing again.
• With repeated procedures, there is a rare risk of severe liver damage, which may limit use of liver cancer treatments
• Extension of survival was proven in some intermediate stage populations. however, repeated treatments often result in decreased therapeutic effect.
Oral anti-cancer medication
• Take tablets twice daily.
• Prevents the creation of new blood vessels necessary for the growth of cancer cells.
• Risk of pain, swelling or blistering on the palms or feet on occasion.
• Risk of moderate to severe diarrhea requiring infusion therapy.
• In very rare cases, it may cause severe damage to the liver, which may limit use of liver cancer treatments
• Treatment may be discontinued due to side effects.
• • The small container implanted in the body and is injected with anticancer drugs which get transported directly to the liver at high concentration.
• Visit the hospital once every 1 or 2 weeks to refill anticancer drugs.
• The catheter may be misaligned, or infection or thrombosis (clogged artery due to blood clot), etc. may cause illness after the surgery.
• Rare risk of severe liver damage, which may limit use of liver cancer treatments.
• Extension of survival in large-scale trials has not yet been confirmed, but it has been shown in some cases. involved showing standardized descriptions of each of the three treatments, and respondents identified which they preferred most. Respondents also reported the percentage likelihood that they would try each treatment, assuming their symptoms worsened. Specifically, for each of the three treatments, the survey asked: "If your symptoms worsened and [treatment] is available free of charge, would you want to try [treatment]? Please answer from 0% (do not want to try at all) to 100% (definitely would try it)." The survey also included trade-off items asking patients their willingness to try an oral anti-cancer medication that can stop the deterioration of cancer for six months, but it has a risk of severe HFSR, including pain and swelling on the palms and soles of the feet. Willingness to try was gauged for a treatment with an 8% risk, and for one with a 21% risk, of severe HFSR. 14, 22, 23 A six-month delay in disease progression was incorporated in the description as this was the overall mean time to progression observed for sorafenib in phase III clinical trial. 24 Responses ranged from "definitely would try" to "definitely would not try". Open-ended items also prompted patients to identify the maximum risk of severe HFSR and of a life-threatening side effect that they were willing to accept for an oral anti-cancer therapy that would stop the deterioration of cancer by 3, 6, and 12 months, respectively. The survey concluded with questions to obtain demographic and clinical information. The survey was translated from English to Japanese, including forward translation and reconciliation by two independent, native Japanese speakers. The survey underwent two rounds of cognitive debriefing interviews with a total of 22 patients with HCC in Japan to confirm that the items were interpreted accurately and consistently across respondents.
Analysis
The primary analyses were descriptive, reporting means and proportions, as applicable. The BWS scores for each of the 13 features were calculated based on the rates that each feature was identified as best and as worst across the set of BWS items. Specifically, to compute BWS scores, the number of times a feature selected as worst was subtracted from the number of times it was selected as best, and then divided by the total number of times that the feature appeared. The scores range from −1.0 to 1.0, where −1.0 reflects the worst (feature selected as worst in every question), and 1.0 reflects the best (feature selected as best in every question). For the direct preference elicitation item inquiring which treatment was most preferred, the proportions choosing each were reported. For the willingness to try treatment items, each response was expressed as a percentage ranging from 0% (do not want to try at all) to 100% (definitely would try it).
Exploratory subgroup analyses were performed using chi-square or analysis of variance tests, as applicable. BWS scores were compared among subgroups based on patients' most preferred treatment. Among patients with TACE experience, BWS scores were compared between patients who had undergone three or fewer TACE procedures and more than three TACE procedures (three TACE procedures were the mean and median number experienced by patients). BWS scores also were evaluated among early-stage HCC patients, defined as online panel-recruited patients who had not had TACE, HAIC, or an oral anti-cancer therapy and whose cancer had not spread beyond the liver, and Progressed patients (online panel patients who were not early-stage patients as well as all clinic-recruited patients). The analyses were performed using SPSS, version 22.0.
Results

Demographic background
The sample comprised 68 (57.1%) patients recruited via the online panel, and 51 (42.9%) patients recruited via the seven participating clinical sites (Table 1) . Of the total of 119 patients, 29 were early-stage patients, and 90 were progressed (intermediate or advanced) patients. Table 1 reports the demographic and clinical characteristics of the sample. The mean age was 64.6±11 years, and 97 (81.5%) were male. The mean time since HCC diagnosis was 4.6±3.9 years. Sixty (50.4%) patients reported having a relapse, with a mean number of relapses of 4.8±4.2, and 19 (16%) reported that their cancer had spread beyond the liver. Approximately one-half (52.1%) of patients had TACE experience, with a mean number of 3.26±2.6 procedures [range=1-10], and one quarter (23.5%) had experience with sorafenib; 18.5% were currently receiving it. Twenty-four (20%) patients had HAIC experience, the majority of whom reported having it without a pump. In the direct elicitation question, approximately onehalf of the patients (51.3%; 95% CI: 42-61%) most preferred oral anti-cancer therapy, 40.3% (95% CI: 31-50%) most preferred TACE, and 8.4% (95%CI: 3.0-14%) most preferred HAIC. Progressed patients most preferred TACE (48.9%; 38-60%) or sorafenib (41.1%; 30-51%) vs HAIC (10%; 3.2-17%).
BWS and direct preference elicitation
The comparison of BWS scores among groups stratified by which treatment the patients most preferred showed that, compared to patients most preferring TACE, patients who most preferred oral anti-cancer therapy favored "Oral medication taken twice a day (2 tablets each time)" (0.69 vs 0.51; p<0.05), and were more averse to "Arteries in the liver are plugged to make it difficult for blood and nutrients to reach the cancer" (0.34 vs 0.66; p<0.05), "Surgery is repeated as required when the cancer grows again" (−0.30 vs 0.03; p<0.05), and "Risk of liver damage that may prevent liver cancer treatment in the future" (−0.74 vs −0.52; p<0.05).
Among TACE-experienced patients, BWS scores were compared between patients who had undergone three or fewer TACE procedures (n=42) and more than three TACE procedures (n=20) (Figure 4) . Those who had undergone more than three TACE procedures perceived "Surgery performed under sedation that requires several hours with hospitalization" to be worse than those with fewer or equal to three procedures (−0.23 vs 0.14; p=0.003). In contrast, those with fewer or equal to three TACE procedures considered "Risk of liver damage that may prevent liver cancer treatment in the future" to be worse than those with greater than three procedures (−0.67 vs −0.39; p=0.026).
Most preferred treatment and percentage likelihood of trying treatment were compared among non-mutually exclusive subgroups based on treatment experience: TACE-experienced, HAIC-experienced, and oral anticancer therapy-experienced. Figure 5 shows the proportions of patients most preferring each treatment by previous treatment experience. Patients with TACE or oral anti-cancer therapy experience most preferred what they had received. Those with HAIC experience, however, equally preferred TACE or oral anti-cancer therapy. In a further analysis, it was found that, among the 15 patients with both oral anti-cancer therapy and TACE experience, 6 (40%) most preferred oral anti-cancer therapy, 5 (33%) most preferred TACE, and 4 (27%) most preferred HAIC. Oral medication taken twice a day (2 tablets each time)
Artery branches in liver are plugged to make it difficult for blood and nutrients to get to the cancer The mean likelihood estimates of trying oral anti-cancer therapy, TACE, and HAIC, were 59.1±33%, 52.2±33%, and 34.5±27%, respectively (p<0.001). Patients with TACE or oral anti-cancer therapy experience reported the highest mean likelihood of trying what they experienced; however, they were equally willing to try the other treatment. Those with HAIC experience were equally willing to try TACE or oral anti-cancer therapy, with a slightly lower mean likelihood of trying HAIC. Among Progressed patients, mean willingness to try treatment also was higher for oral anti-cancer therapy (58.0%) and TACE (57.8%) vs HAIC (34.7%) (p<0.001).
A subgroup analysis was performed examining the patients recruited only via the clinical sites (these patients were clearly identified by their physicians as having either intermediate or advanced stage HCC). The findings showed that the BWS scores, direct preference elicitation responses, and willingness to try scores among the patients recruited only via clinical sites were comparable with those of the overall Progressed group.
Oral anti-cancer therapy trade-off items
The majority of patients (68%) reported that they "definitely would try" or "probably would try" an oral anti-cancer medication that delayed disease progression by six months if it had a 8% risk of severe HFSR, compared to 50% of the patients if the medication had a 21% risk of severe HFSR ( Figure 6 ). In response to the open-ended items, the mean maximum acceptable risk estimates of severe HFSR that patients were willing to accept for 3 -, 6 -, and 12 month delays in time to progression were of 26.1±22.5%, 33.5 ±24.8%, and 45.5±30.6%, respectively (p<0.001). The patients reported mean maximum acceptable risk estimates of a life-threatening side effect (grade 4) that they were willing to accept for 3-, 6-, and 12-month delays in time to progression to be 17.7±21.5%, 23.1±23.2%, and 32.7 ±29.3%, respectively (p<0.001) (Figure 7) .
Discussion
This non-interventional study examined preferences for 13 features associated with sorafenib, TACE, and HAIC, and found that preference for treatment approach may be affected by the balance among the type of treatment, side effects, and burden. HCC patients are willing to take an oral anti-cancer medication with high risks of severe HFSR or a life-threatening event in exchange for a threemonth delay in time to disease progression. Incorporating discussion of the key features of treatments into the patient-physician interactions may help to enhance shared decision-making about treatment and increase HCC patient satisfaction with care. Physicians could discuss the features examined in this study, including treatment type, mechanism of action, risks, and effectiveness, so that patients are aware of their choices before actually bearing the burden of the treatment.
This study found that preferences for different features varied by which treatment patients most preferred. Consistent with previous research findings that the perceptions of worse features generally provide better predictors of patient preferences, 25 the features driving the choice of oral anti-cancer therapy in this study were primarily negative features associated with repeated TACE. Another patient preference study in early-stage HCC found that 50% of the participants who chose radiofrequency ablation reported that the fear of complications from surgery was the main reason for their selection; only 9% reported that five-year overall survival was the main reason for preferring radiofrequency ablation. 26 Another preference study of arthritis medications found that patients' preferences were most relevant when patients disliked a proposed treatment. 27 Patients with sorafenib or TACE experience most preferred what they had received; however, both treatment groups were equally willing to try the other treatment. With respect to TACE, patients may perceive undergoing TACE once as acceptable; however, if it should lose its effectiveness and repeated TACE procedures are needed, patients may not wish to continue. It would be useful to explore this in a future study. Patients who had experienced HAIC most preferred alternative treatment options; however, based on the responses to the question on willingness to try each treatment, when HAIC is the only option, they would still try it. This may in part be because HAIC patients typically have advanced disease when there are few, if any, treatment options, and as such are willing to try HAIC, particularly if they have heard that it is the optimal treatment for them.
The finding that patients' experience with treatment was associated with preferences may be attributable to recommendations from their primary physicians. As found in a study of patients with asymptomatic HCC in Japan, patient preference for a specific treatment often Definitely would try, 25%
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21% risk of severe HFSR Figure 6 Proportions willing to try oral therapy with 6-month progression-free survival by severe risk of hand-foot skin reaction (HFSR). stemmed from their consultations with a clinician. 28 A study of women with adjuvant breast cancer found that the majority of the patients preferred to make their treatment decisions collaboratively with a clinician vs on their own. 29 The finding that those without treatment experience, or the early stage patients, most preferred oral anti-cancer therapy may be attributable to being most familiar with oral medications as opposed to surgery. Unlike those most preferring TACE and oral anti-cancer medication, patients with HAIC experience did not most prefer HAIC, possibly because these patients actually underwent HAIC and found it to be a difficult and burdensome procedure. This study found that patients who had undergone greater than three TACE procedures perceived "Surgery performed under sedation that requires several hours with hospitalization" to be worse than those with three or fewer procedures. It may be that, after several TACE procedures, patients become more averse to undergoing one again. As Cao and colleagues found in a patient-reported outcomes study of patients undergoing TACE, some patients eventually refuse repeated TACE because they cannot tolerate the repeated painful symptoms caused by TACE. 17 Collaboration and open communication between the patient and physician are especially important when outcomes are uncertain or when the optimal treatment in a particular population is not scientifically evident. In a study of patients with small HCC in compensated cirrhosis, no significant differences were observed between the different types of treatment, and it was concluded that choice of treatment should in part be based on patient preferences, after they have been properly informed on the survival, morbidity, and mortality related to each treatment option. 30 The alignment between intermediate to advanced HCC patients and their treating physicians, including hepatologists, gastroenterologists, and/or clinical oncologists, may lead to greater patient satisfaction. Feedback from interviews with patients with HCC in Taiwan found that there was a difference between HCC patients' treatment preferences and their physicians' recommendations, and that patients with advanced stage still prefer active treatment. 31 This study found that HCC patients are willing to accept an oral medication with relatively high risks of severe HFSR and of a life-threatening side effect for a delay in disease progression as small as three months. The maximum acceptable risk estimates that patients reported for these events were higher than the observed rates for these in sorafenib clinical studies. 14, 22, 23, 32 Limitations A potential study limitation is that the patients recruited from the online panel, representing approximately one-half of the sample, self-reported their diagnosis and treatment experience. Given that these data could not be verified, there may be recall bias and inaccuracies with respect to these data. Another limitation of this study was that the description of HAIC in the direct elicitation item included discussion of a reservoir. Although this is consistent with the common perception among physicians of HAIC as that using a reservoir, patients who indicated that they had undergone HAIC may instead have undergone transcatheter arterial infusion.
With the evolving techniques in TACE therapy, including low profile microcatheters and drug-eluting beads, it is possible that the tolerability, acceptance, and hence, preference for TACE treatment could have differed among patients who experienced different kinds of TACE therapy. However, because it is possible that some patients may not have been fully aware of which TACE treatment they had, the type of TACE therapy was not asked in this study, any differences in preferences that may have been affected by the type of TACE cannot be inferred from these results. Another limitation is that the patients enrolled in this study were relatively younger than published estimates in Japan. 33 It is possible that this was due to the recruitment from an online patient panel, as well as interest in accessing the online survey among only those site-recruited patients who have familiarity with this type of data collection. It would be useful to confirm the findings, particularly those resulting from the subgroup analyses, in future larger studies.
Conclusion
Oral medication is perceived as most favorable, and risk of liver damage is perceived as worse, from the perspective of patients with HCC. Although patients highly prefer an oral medication, the decision on the optimum treatment still rests on the clinician's judgment on what is best for the patient. The type of treatment, mode of action, and perceptions of treatment-related risks may drive HCC patient preferences. Patients' previous experience with treatment likely will influence their preferences regarding future treatments, where they likely will favor the option with which they are most familiar. However, patients generally are equally willing to try sorafenib and TACE. Finally, HCC patients are willing to take an oral anti-cancer medication with substantial risks of severe HFSR or a life-threatening event in exchange for relatively small delays in time to disease progression. This study highlights the importance of understanding the patient's perspective when choosing the best therapy for the disease. Asking HCC patients about their preferences may help inform overall disease management and enhance shared clinical decisionmaking.
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